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ORIGINS OP ASTOMaunCS IN SWITZERLAND"^ 

AlfVed Vfeldls (Switzerland)"*^ 

Sufitzerland has no claim to a pioneering role in astraiautics, nor is our 
country among the leading nations in this field today. Also, Swiss caiti ibuticxis cannot 
be measured on the scale of those made by larger ccoitries. Yet, on taking a closer 
look, one discovers seme daring and way-breaking thouf^ts and experiments originated by 
Swiss sciaitists and researchers. 

The task of setting a date on the origins of modem astrOTautlcs can be rather 
difficult. As part of the natural sciences, astronautics built upon all of the najor 
mathematical, physical, and chemical principles — all closely related to most other 
branches of research. Tm early Swiss scientists, for exanple, made basic contributions 
to astroiautics: Daniel Bernoulli, a mathematician from Basle, with his principle of 
flow ( Hydrodynamica, 1783), and Lecxihard Euler (1726) with his textbook on differential 
calculus. 

Legend has it that each of the famous Bemoullis lived in the hepe that he 
would create an abstract mathematical principle that had absolutely no application. Five 
of them died disappointed; someone always found good use for every concept they produced. 
Ihe sixth OTe, it is said, died happy because he thou^t he had finally produced a prin- 
ciple that was thorou^ily useless. That was the theory of the solution of simultaneous 
equations (now the basis of so much of our advarK^ed mathematics in dally use all over 
the world). Whether or not this legend is apocryphal, it does illustrate a point to be 
kept in mind: any mathematical discovery, in the long run, will likely contribute to the 
solutic»i of some problems that are che corxsem of man. 

Before reviewing the modest contribution to astronautics made by our small, 
neutral country, it would be useful to mention the reasons space technology to this 
day has not attained its due recogiition in Switzerland. 


**^Presenced at the Six^h History Symposium of the International Academy of 
Astronautics, Vienna, Austria, October 1972. 

**^Dlrector, Swiss Museum of Transport, Lucerne, Switzerland. 
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• In larger natiCMis, the development of launch vehicles for artificial 
satellites and space probes was made possible largely by armament or 
hi^ily-specialized aercmutical industries. In the period during and 
litinediately after World War II, Switzerland had neither an armament nor 
an aeronautical Indust-^y capable of such a task. 

• Aerospace developments In today’s leading space nations depended on 
substantial government grai*ts or subsidies. Switzerland traditionally 
relies entirely on private industry for applied research. It was not 
possible, within existing laws, to create a national space program 
providing the necessary funds for even a modes research program. 

In his opening address at the Fourth Congress of the International Astronautical 
Federation in Zurich In 1953* the well-known Swiss professor of aerodynamics, 

Josef Ackeret, very accurately sunmed up the essential considerations for the cooperation 
of individual researchers and small nations In space projects; "For young enthusiasts 
the situatlai is frustrating. While in aeronautics one or a handful of amateurs can by 
themselves build at least some primitive kind of flying machine with which to experiment, 
this is all but impossible in astronautics where activities seen to be restricted to 
’theoretical hobby craft.’ Real develojxnent work," Professor Ackeret continued, "can 
only be realized on a truly large scale. And this scale is bcxind to be so big that not 
even the largest companies, let alone private individuals, could enbark on the venture. 
Here, an oitlrely new form of teamwork is required. Each nation and each individual 
must fit in a scope within ; *lch he can make a useful contribution." These thou^ts 
suggest the limits to the range of space activities in my country to the 1950s. 

FIRST STRATOSPHERE FLIGHT 

Oie of the pioneers who tried to widen this dimension was the experimental 
physicist. Professor Auguste Piccard. Let us examine a few interesting details of 
Piccard’s historic balloon high-altitude flight of I^y 27, 1931* This event captured 
world attention in a hi^-altitude flight for scientific research. Together with Ehgineer 
Paul Klpfer, Piccard ascended to nearly 16,000 meters to conduct radiation measurements. 
The spheric cabin was made of 3*5 mn-thick aluminum plate, and consisted of three forged 
parts assembled by autogenous welding. Eight vertical supports in the interior formed 
the frame and supported the crew. Professor Piccard’s ascension had its dramatic mcxnents. 

At take-off, a sudden gust prematurely swept the balloon out of the hands of the 
launching crew before the take-off weight was under control and the Instruments properly 
stowed away. Adding to the troubles, the revolvLg device for the cabin did not work; 
as a result, the dark outer side was exposed to direct sun light, while the reflecting 
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aluBiiniun side remained in the shade. Tenperatures In the upper part of the cabin 
reached C, tdille the researcher's feet froze in -10° C. Professor Piccard made the 
foUoMing entry in his log-bock: ''Ihe situation is serious. Ihere are various dangers. 

We shall not be able to tine our landing as we ohoose (the valve line had not unwound 
prqpa^ly). If there is a leak in the cabin, we shall die of suffocation. It depends on 
the wind if we drop into the Adriatic to-nl^t or have land below us." Leaks in the 
cabin actually occurred several times and had to be repaired in a hurry. Tlie scientific 
measurements were c^xisiderably cocplicated by this fact. At 9 p>m. the cabin carrying the 
two scientists hit the ice of the Qurge glacier. 

AEHMJXNMOC CCMUMBOTICMe TO ASHOiAUTICS 

In the field of aerodynamics at hijdi speeds, as applied in rocket technology. 
Professor J. Ackeret has been Switzerland's leading scimtlst. His basic pap^ of 1928, 
"Air Resistance at Very Hl^ Speeds," not only gave an excellent survey of the state of 
this particular field at that time, but suggested a program of future research. Ackeret 
was convinced that the future of manned fU^t lay in aerodynamics of hi^iest i^>eeds. It 
was he who coined the term "Mach Number" in honor of the celebrated physicist, Ernst Mach. 
Ackeret wrote: "Ih aerodynamics of hl#ier ^)eeds, the proporticai v/a comes ip time and 

again (v ■ speed of the examined body, or the sdrflow, respectively; a * speed of sound). 

A short term thra?efare seems Itxilcated. Since the well-4<nown physicist Ernst Mach 
recogilzed the basic sl^ilficance of this proportion with particular perception, v/a may 
Justly be termed 'ffech Rjmber. '" "Mach" has been used ever since in scientific language 
as well as in popular texts. 

Ackeret decisively Influenced the development of aerodynamics of high speeds 
with his publicaticans cm ggas dynamics, aerodynamic forces on wings, bourrdary layers in 
compressible flow, and rcxiket theory. He begjan to read on rocket techiology in 19^1- 
19^2. His paper, "Conroents on the Rocket Hieory" (see references) finally marked Swiss 
engagement with questicxis of space, lb Ackeret 's vay of thinking, such a step was a 
natural conclusion, and he later gave the opening address at the Pcnrrth Congress of the 
International Astrcnautical Federation in 1953. In 1956, he published an article on 
the "Limits to the Attednabllity of Remote Celestial Bodies." In it he obseirved: "Ihe 

majority of the following remarks were written several years ago, but renalned in a 
drawer, since the conditions for attaining hl^ speeds (conparable to the speed of light) 
seemed to me all too vague." Prcm mathematical-physics he drew these ccxicluslons: "It 

becomes clear, therefore, that despite the most daring assumptions, we can no longer 
tl >ik of space travel beyond the nearest fixed stars. A Journey of this kind would only 
make sense if it could be hoped to discover and observe unknown planetary systems. Per- 
haps forms of life — ^very different from ours — could be found there. Thus, biology could 
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gain from such a discovery. But one nust ask whether more Is not to be gained by 
terrestrial research nMch actually Is only on the threshold of exploring life. Astro- 
physically, the yield would presumably be modest, since 99% of the substance is In the 
form of gas. An astronomicad observatory c»i the Moon will flimish all the results that 
can be expected In this regard. So we may have to reslgi ourselves to the old saying: 

"To tread upcxi the infinite, 
keep going in all ways of the finite." 

The ccMistruction of the first large closed-circuit transonic wind-tunnel at 
Professor Ackeret's Depai^anent of Aerodynamics of the Federal Institute of Technology 
in Zurich, in 1933-193^» caused a saisatlon in scientific circles and c^)ened the way for 
much more work In the field of rocket aerodynamics. TVio ps^rs appear represaitatlve 
of the great rnmiber of publlcatlcxis: "Tb the Theory of Aerodynamic Forces on Slim 
Profiles and Slim Bodies of Revolution," by H. R. Voellmy, and "Of Toroidal Wings," by 
Z. Plaskowski. Here, K. Iserland's experiments in 1952 with thrust reverse must also be 
mentioned. He placed a number of semi-toroidal tum-beick rings at the end of a rocket 
nozzle. Before being ejected from the nozzle, the gas Jet is set spiraling by a circle 
of revolving blades. As a result of the centrifugal load, the Jet spreads out, hits the 
rings and is turned back by them. If the blades are set in the direction of flow, keying 
the Jet free of spin, the gas is ejected from the nozzle in a straight line and flows 
through the centre of the rings, without changing direction (Figure 1). 
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ROCKET EXPERBCmS 


Anotho* farsi^ted Stdss pioneer In the field of rocket propulsion was the 
engineer, Josef Steomer. Afto* many minor experiments beginning In 1925, he succeeded 
In 193^ In reallzir^ vtBt he called "a reasonably successful farm” of test stand for a 
reaction thrust oigine. Dn the period betweoi 193^' and 19^5, Stemner build various rocket 
engines and test stands. The first experimental rocket engine had two combustlcn chsmib«7S 
and two ejection nozzles. Propellants were injected separately fTon the nozzle side In 
the oi^slte direction of flow. Qivmi very limited fvnds, Josef Stemner's experlmoits 
had to be carried out on a very modest scale. Mlth the exception of the coidxistlon 
chambers for the first test stand urtilch came ft*om an old two cylinder Mercedes gasoline 
engine, all the parts he used, such as combustion heads. Injector and eJtKstlon nozzles, 
were home made (Figure 2). His seccsid rocket oiglne propelled a model airplane. A third 
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was fitted with a mixing Injectlcai nozzle and a special cooling Jacket. It served to 
study problems of cooling and fuel. Tlie fourth rocket engine had a changeable combustion 
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chamber and a special coolant supply system. It was used to test ejection nozzles and to 
determir^ the duration of gas presence. 

Steimer continued his experiments with flying models and test stands until 1945* 
In a series of publications entitled ”The Development of Rocket Propulsion in a Generally 
IMerstandable Presentation” (19^5), he proposed a development program intended to be 
applied on a larger national scale. In 1951, Steromer was appointed Secretary of the 
Intematicaml Astronautical Federation. At the end of the same year, he founded the 
Swiss Astronautics Association. 

SPACE SCIENTISTS 

Beginning in 1932, another Swiss scientist. Professor Dr. Jakob Eugster, 
concentrated his studies of the effects of cosmic radiation. His investigations were 
first conducted Jointly with Victor Hess, who discovered cosmic rays on his balloon 
flints in 1912. Ihe studies were pursued at Innsbruck (Hafelekar, at 2340 meters 
ailtitude, and in the former salt mines of H^l), and, after 1937, at Fordham University 
in New York. Ibese studies concentrated on the effects of cosmic radiation on mil- 
cellular organisms and on healthy and diseased human tissue, and, more recently, in 
physiolc^cal form, with astronauts. Since 1950, a special observation station for 
biological controls has been operated in the interior of the Sinplon tunnel. Professor 
Eugster used the so-called "sandwich method,” in which the objects to be examined — seeds 
of plants or ova of small animals for instance — were placed in the cavities of a plexi- 
glass screen-plate. Tils preparation was fixed between two photo-plates with nucleai 
emulsion. Tie package was then enclosed In a light protection wrap and transported to 
high mountains, or attached to stratospheric balloons, or carried to high altitudes by 
rockets. After exposure, the photo-plates were developed; the tracco left In the 
emulsion helped to evaluate the exact location of the hits in the biological matter. 

Tie untiring effort of this scientist is reflected in over ICO original publications. 

Alfred StettbacKer Involved himself with the chemistry of rocket propellants 
and the production of explosives, among them the most violent of all, "Pentrlnit.” 
his book on explosives published in 1933, he clearly predicted the use of rockets as 
long-range wes^xins ”ln the next war.” Another work, published in 1948, included a 
chapter entitled, ”Tie Rocket or the Long Range Shot,” describing the various rocket 
propellants and adding conments on rocket ballistics. 

After the Second World War, rocket development was taken up by Swiss private 
industry. At tliat time, solid prepellant rockets of up to 350 m/s speed were considered 
"hi^ speed rock)ts.” In these developments, one tried to achieve speeds of over 
600 m/s, with the result that conventional projectile heads were no longer suitable 
aerodynamical ly. Consequently, new forms of solid propellant rockets were developed 
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that could be launched with particularly high preclslcai and with a :nlnlinum of air 
resistance. Initially, fully fixed tail units were used, replaced later by adjustable 
(flap-back) tall units. 

Development of a Swiss remote control rocket started In 1946. Aerodynamic 
tests with this rocket led to the addition of tall unit surfaces for guidance ccaitrol 
after conpleted combustion, and of longitudinally shiftable wings to control changes of 
the center of pressure. In the course of wind tunnel tests a special measuring device 
was developed. It worked on the principle of an analogue carpiter, and helped to reduce 
wind tunnel tests to a minimum. 

Table I, thou^ Inconplete, Indicates the activities of Swiss scientists in 
various astronautical fields. Tiis work indicates some of tte state of research and tte 
infrastructure for industrial production of parts, ccxrponents, aiid conplete structures 
for use in space. Ihls basic research has enabled Switzerland to produce a hl^>-altitude 
research rocket, developed by Contraves that reached an altitude of 300 km. Satellite 
structures have been successfully built, and quite a number of conpcxients for space 
vehicles aixi rockets prove Switzerland's ability to meet sophisticate requirements in 
specialized sectors. Most Swiss universities are engaged in some type of space research, 
if only an a small scale, and thus carry an the effort from modest beginnings. 

A great many Swiss scientists who were unable to realize their research projects 
a" hone have ^igaged their knowledge and work in American space pi?c^rains. Representative 
of these are Fritz Zwicky, Professor of Astrophysics at the California Institute of 
Technology, and Dr. H. U. Schurch. Professor Zwicky Is known as the '^Father of Ultra High 
El'iergy Propulsion.” He succeeded in 1957 with Project Meteor, in placing the first 
artificial meteorites in deep space. ^ Schurch successfully built a variety of satellite 
sti^ctures. 

On the other hand, prominent forei^ scientists pursued studies at institutions 
of higher learning in Switzerland before achieving success in the IMted States. Amcng 
these are Wemher von Braun, studied with Professor Ackeret at the Federal Institute 
of Technology (F.I.T. ) in Zurich in 1931; Professor R. Bisplinghoff and Dr. John C. Houbolt, 
who both defended their thesis on technological subjects at our F.I.T. in Zurich. 

Dr. Bisplin^off, the Dean at the Massachusetts lnt>-'itute of Technology, also served in 
NASA. Dr. Houbolt is known In modem space technology as the "father of the rendezvous 
technique” used in the Apollo program. 

How much Switzerland may contribute in solving aerospace problems in the future 
remains a question of government support. Today, It does not have a national space 


*^See Fritz Zwicky, ”A Stone's Throw Into the Universe: A Memoir,” in 

this volume - Ed. 
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progpTam. Our parliament is debating grants for LORO hi^ altitude research and satellite 
projects. Despite freqiient disappointments, the >^loneerlng spirit-shown by Jakob Bcmneli 
of Zurich lectured on ”A Flight Ihroui^ the Liilversu'' in 1897 — has not left Swiss 
ar]glneers and scientists. But ep long as funds are unavailable for t'ne realization of 
even moaest projects, their activities remain limited. 

In conclusion, the author must add here sincere thanks to these who coitr-ibutod 
to this report, partlcularli^ Fhglneer Eugen Eml of the xr^5t^tute of Aeronautical Struc- 
ture and Ll^twei{$it Deslgi of the Federal Institute of 'Technology in Zurich. 
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TAKE I 

Zusanmenstellung schwelzerlscher Wlssenschaftler und Forschei die slch bis In die 30-zlger Jahre 
mlt RaunfahrtfarschLing beschilftlgt baben. 
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